Introduction
Endometrial sampling is a method used to obtain endometrial tissue in order to histologically examine women who have abnormal uterine bleeding. 1 This procedure is commonly performed to look for significant endometrial pathologies, including endometrial hyperplasia and endometrial carcinoma, in women who have an abnormally thick endometrium on imaging, atypical glandular cells on cervical smear, or postmenopausal bleeding. 2, 3 Previous studies have indicated that the performance of endometrial sampling is as good as those of dilatation and curettage (D&C) or manual vacuum aspiration. 4, 5 In cases of postmenopausal bleeding, endometrial sampling has been shown to have a sensitivity of 90% and specificity of 99%-100% for diagnosing endometrial hyperplasia or endometrial cancer with D&C or hysteroscopy with biopsy as a reference standard. 6 A previous systematic review found moderate agreement with regard to tumor grade between endometrial sampling and final pathology from hysterectomy. 7 The disadvantage of endometrial sampling relates to the small volume of endometrial tissue obtained. Endometrial sampling yields insufficient tissue for definite pathological diagnosis in 6%-33% of cases. [8] [9] [10] [11] [12] [13] Approximately 6% of postmenopausal women with 12, 14 Therefore, it is necessary to identify patients in whom endometrial sampling may yield insufficient tissue and for whom other endometrial evaluation procedures would be more suitable. The aim of this study is to assess the incidence of and factors that predict insufficient tissue after endometrial sampling.
Methods
After receiving approval from the Khon Kaen University Ethics Committee for Human Research based on the Declaration of Helsinki and the ICH Good Clinical Practice Guidelines (HE591350), we reviewed the records of women who underwent endometrial sampling as a primary treatment at Khon Kaen University (KKU)'s Srinagarind Hospital, between June 2014 and June 2015. Because this was a retrospective study and data were analyzed anonymously, the need for informed consent was waived by the ethics committee. We excluded cases in which the device could not be inserted into the uterine cavity due to intolerance to pain or equipment failure.
Methods to obtain endometrial tissues for pathology examination in our institution depended on the menopausal status. Endometrial sampling was performed in all premenopausal woman with abnormal uterine bleeding. For postmenopausal women, there were two options, ie, endometrial aspiration or transvaginal ultrasound for endometrial measurement.
All endometrial sampling procedures were performed via Endocell ® (disposable endometrial cell sampler tube; CooperSurgical, Inc., Trumbull, CT, USA) requiring only manual suction to extract a sample from the endometrium. This device provides excellent suction using an elastomeric seal piston plunger with an outside diameter of 3.1 mm. All sampling procedures were conducted by the residents in training or members of the gynecology staff. Abstract data included in this study were patient characteristics, indications for endometrial sampling, endometrial thickness by ultrasound (if any), types of operators (gynecology residents vs attending staffs), and detailed pathological reports. Pathological tissue reports were reviewed by a single gynecologic pathologist (PK). The criterion for diagnosis of insufficient endometrial tissue was a lack of any intact tissue fragments containing both glands and stroma. 15 Descriptive statistics were used for reporting the data. The chi-square and Fisher's exact tests were used to univariately identify factors potentially related to insufficient endometrial tissue samples. Factors with a P-value less than 0.20 according to univariate analysis were subjected to multivariate analysis using a logistic model to reveal which were the independent factors. An odds ratio (OR) with a 95% confidence interval (CI) that did not include unity was considered statistically significant. Statistical analyses were carried out using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA).
Results
The medical records of 233 women who underwent endometrial sampling were reviewed. Table 1 displays the baseline characteristics of the patients. The mean age of the patients was 48.3 years (range=27-86 years). Transvaginal ultrasound for evaluating endometrial thickness was performed in 108 (46.4%) women. Endometrial thickness ranged from 1.9 to 53.0 mm.
Insufficient tissue following endometrial sampling was noted in 67 women (a rate of 28.8%; 23.0-35.0). The histologic results of the remaining 166 women included normal pathological endometrium (121, 51.9%), endometrial polyps (7, 3.0%), endometrial hyperplasia (27, 11.6%), and endometrial cancer (11, 4.7%).
Details regarding endometrial thickness as measured by transvaginal ultrasound are reported in Table 1 . Subsequent 
Discussion
Insufficient endometrial tissue following endometrial sampling is widely observed in gynecological practices and can often lead to critical problems in clinical management. In this study, we evaluated the magnitude of and factors related to the collection of insufficient endometrial samples. The incidence of insufficient endometrial tissue was 28.8% (95% CI=23.0-35.0). A multivariate analysis revealed that postmenopausal status and endometrial thickness less than 8 mm were significant predictors for insufficient endometrial tissue.
The rate of insufficient tissue following endometrial sampling varies widely in the literature, from 6% to 33%. This may be due to secondary differences across the studies in terms of sample characteristics, in particular the proportions of menopausal patients, diagnostic criteria for insufficient tissue, and types of provider. 8, 9, 11, 12 In the present study, postmenopausal women carried a higher risk of insufficient tissue after endometrial sampling (OR=3.60, 95% CI=1.84-7.05), which is in line with the results of previous studies. 8 16 Previous studies have consistently reported an association between endometrial thickness as evaluated by transvaginal ultrasonography and risk of insufficient tissue after subsequent endometrial sampling. 8, 11, 17, 18 However, the cutoff threshold for endometrial thickness has varied across these studies. Bakour et al 8 found that endometrial thickness above 5 mm decreased the risk of insufficient sample on endometrial biopsy (OR=0.19, 95% CI=0.07-0.53). Elsandabesee and Greenwood 19 stated that there was only a 27% probability of getting an adequate endometrial sample in women with an endometrial thickness of less than 5 mm, compared to 60% among those with an endometrial thickness 5 mm. Visser et al 17 showed that endometrial thickness 12 mm independently decreased the chance of insufficient sampling (OR=0.26, 95% CI=0.09-0.76). Recently, Xie et al 11 found that an endometrial thickness of less than 7 mm was significantly associated with sample inadequacy (OR=6.74, 95% CI=3.04-14.90). In our study, an endometrial thickness of less than 8 mm according to transvaginal ultrasound increased the risk of inadequate endometrial sampling (OR=3.91, 95% CI=1.49-10.21).
There has been controversy about the association between advanced age and an adequacy of endometrial samples. 8, 17, 19, 20 Previous studies noted an approximate 4% increase in the rate of insufficient tissue after endometrial sampling with each year of increasing age. 8, 17 Kandil et al 20 demonstrated that there was a significantly higher rate of insufficient samples among women 60 years and older compared to younger women (14.6% vs 5.8%). However, Adambekov et al 18 showed that age over 55 years was not associated with inadequate tissue following endometrial sampling (OR=1.95, 95% CI=0.72-5.30). In this study, women 60 years of age and older had a higher rate of insufficient endometrial tissue compared to younger women (45.0% vs 27.2%). However, this difference was not statistically significant according to multivariate analysis (OR=0.95, 95% CI=0.32-2.77).
This study found no association between insufficient samples and other reproductive characteristics, such as nulliparity, previous vaginal birth, or current hormonal use, which contrast with the results of previous studies. 11, 17, 19 Prolonged use of oral combined contraceptive pills, depomedroxyprogesterone acetate, or menopausal hormonal therapy can cause endometrial atrophy, thus resulting in higher risk of insufficient samples following endometrial sampling. 21 Additionally, Adambekov et al 18 reported an increased risk of insufficient tissue after endometrial sampling among women who presented with postmenopausal bleeding when compared to those who underwent endometrial sampling with other indications (OR=7.41, 95% CI=2.27-24.14). 19 However, there was no significant difference between women who had abnormal uterine bleeding and those who presented with other symptoms in terms of the risk of insufficient tissue after endometrial sampling in the present study.
It is debatable whether or not the training level of operator affects the rate of insufficient tissue after endometrial sampling. A recent study showed that the procedure being conducted by a nonphysician provider was associated with an increased risk of sampling failure (OR=9.15, 95% CI=2.49-33.69). 19 However, this association was not reaffirmed by other studies. 11, 17 In this study, there was no significant association between the type of operator (intraining residents vs staff members) and risk of insufficient endometrial tissue.
In this study, 35 (52.2%) of the 67 women with insufficient endometrial tissue samples did not undergo further endometrial evaluation. Previous studies indicated that approximately 6%-7% of women with insufficient endometrial tissue samples were subsequently found to have atypical endometrial hyperplasia or endometrial cancer. 12 These findings highlight the importance of further evaluation to ensure exclusion of significant endometrial pathology among women with insufficient endometrial samples.
The main limitation of this study is that, due to its retrospective nature, some information was unavailable. This included sonographic results regarding endometrial thickness and uterine volume, as well as previous failed attempts at endometrial sampling, all of which have been shown to be important factors associated with the risk of insufficient endometrial tissue samples. In addition, the reasons for not performing further diagnostic procedures among women with insufficient samples are unknown. Despite this limitation, the primary strength of the study was that it was conducted in a single institution, where the pathological specimens are reviewed by experienced gynecologic pathologists, and criteria for evaluating the adequacy of tissue are standardized.
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Conclusion
The incidence of insufficient tissue following endometrial sampling was 28.8% (23.0-35.0). Significant independent factors associated with an increased risk of insufficient tissue were menopausal status and endometrial thickness less than 8 mm.
